Background: M itochondrial dysfunction has been incriminated in the pathogenesis of preeclampsia (PE). Th is study aimed at evaluating the contribution of mitochondrial dynamics, biogenesis, redox signaling and apoptosis in the pathogenesis of mitochondrial dysfunction in pre-eclamptic placenta. Forty pregnant females were classified equally into two groups: Group І (control group), included normotensive pregnant females and Group ІІ (PE group) included, preeclamptic pregnant females. After delivery, placental tissue samples were collected for estimation of mRNA expression levels of Mitofusin2 (Mfn2) using qu antitative real-time PCR . Dynamin related protein 1 (Drp 1), mitochondrial Cytochrome c release ,and 3-nitrotyrosine (3-NT) were measured by ELISA . M itochondrial co mplex I, and citrate synthase enzyme activity were assessed spectrophotometrically. ATP levels, Caspase-9 activity , inorganic nitrites and nitrate levels ,and superoxide dismutase (SOD) activ ity were measured by colorimetric assay kit. Preeclamptic placentae showed significant decrease in complex I, ATP levels and citrate synthase activity. mRNA expression of Mfn 2 were down regulated with marked elevation of DRP1 protein levels .There were altered redox status as judged by the elevation of NO and protein nitration with reduction in the total SOD activity in pre-eclamptic placentae. There were also activation of the mitochondrial pathway of apoptosis as judged by release of cytochrome c fro m the mitochondrial intermembrane space into the cytosol and significant increase in caspase -9 levels in Pre-eclampt ic placentae compared to controls. Our data strongly nominated significant association between mitochondrial dysfunction, disturbed dynamics, altered redo x status and the susceptibility to apoptosis in pre-eclamptic placenta as key players in the multifactorial pathogenic mechanis ms of PE
Introduction
Pre-eclampsia (PE) is a serious complication that occurs during the second and third trimester of pregnancy and affects the health of both mother and fetus. It is a rapidly progressive condition characterized by proteinuria, hypertension and edema [1] . Despite advances in the management of preeclampsia, it is still the main cause of maternal and perinatal mortality, complicating 5-10% of pregnancies worldwide [2] . Although intensive research has been performed on the molecular changes associated with PE, the etiology and pathogenic mechanisms of PE remain unclear. [3] .
PE is thought to be associated with impaired trophoblast invasion into the myometrial segment of the spiral artery. Subsequent disturbance of placental oxygenation results in permanent ischemia/reperfusion and induction of oxidative stress in the placenta and maternal blood [4] .
Even in normal pregnancies, placental mitochondrial dysfunction was found to increase significantly as pregnancy progresses, suggesting that it may play a role in the normal development and aging of the placenta [5] . Studies that have focused on the mitochondrial apparatus and antioxidant system in PE are very few, despite them being highly interconnected [6] .
Mitochondria are dynamic organelles that constantly fuse and divide. These processes of fission and fusion (collectively termed mitochondrial dynamics) are important for mitochondrial inheritance and for the maintenance of mitochondrial functions. Mitochondria are responsible for producing most of the cellular ATP through oxidative phosphorylation [7] . Cell survival depends on mitochondrial fusion and division, possibly due to the high ATP demand required for specialized cellular morphological transformations. The imbalance in mitochondrial dynamics compromises the energy production and is linked to several diseases [8] . Research on mitochondrial dynamics gained much attention, as it is important for our understanding of many biological processes, including the maintenance of mitochondrial functions, apoptosis and ageing [9] .
Mitofusin 2 (Mfn2) is a large GTPase required to tether the mitochondria together to initiate the process of fusion .It is present in the outer mitochondrial membrane and is involved in the maintenance of the mitochondrial network and bioenergetics. Mfn2 has a potential role in regulating cell proliferation and oxidative metabolism in many cell types. Mfn2 has been reported to be an important biomarker and therapeutic target molecule for cardiovascular diseases such as hypertension [10] , however its role in the pathophysiology of PE remain unclear.
Mitochondrial fission causes organelle fragmentation and is increased in apoptosis, cell division, and is required for mitophagy [11] .
Central to mammalian mitochondrial fission is the dynamin-related protein 1 (DRP1) which is a cytoplasmic large GTPase that mediates the fragmentation of mitochondria and peroxisomes.
Given its cytoplasmic localization, several mechanisms exist to facilitate Drp1 translocation to mitochondria, especially upon mitochondrial dysfunction that is a key inducer of fragmentation [12] . 
Statistical analysis:
The results were expressed as the mean ± SD in each group. The data were analyzed with Graph prism statistical software (version 6), San Diego, CA, USA). The differences among the 2 studied groups were examined using t-test. A statistical probability of P < 0.05 was considered to be significant and was indicative of the differences in comparison to control.
Results:
Demographic and perinatal characteristics:
Demographic and perinatal characteristics from our study are demonstrated in Table 1 . There were no differences in age or weeks of gestation among the groups. The body mass index (BMI) of the PE group was higher than the control group, and the difference was statistically significant. Moreover, Values are exp ressed as mean ± SD. ** Sign ificance vs control group using t -test. 
Redox status parameters:
Our resulted demonstrated significant elevations of the levels NO and 3-NT (as a marker for protein nitration), concomitantly with significant reduction in the total SOD activity in placenta of preeclamptic women compared to the gestationally age-matched normotensive control women (p <0.0001), thus providing an evidence for an altered redox status. These data are summarized in table 3. 
